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(57) Abstract 

The invention relates to a method of shaping hollow 
boards (11) that consist of a thermoplastic material and that 
have at least one cavity (17) in the interior of the board 
that is open towards the board edge (18). According to the 
inventive method, said cavity (17) is sealed at the board 
edge (18), thereby closing the cavity towards the exterior 
in a substantially gas-tight manner. Once the cavity (17) is 
closed in this manner, the hollow board (1 1) that has been 
softened by heating is shaped by a shaping pressure to which 
it is subjected from the exterior. The invention also relates 
to a device for carrying out the inventive method. The 
invention provides a method and a device which prevents 
the interior structure of the hollow board being deformed in 
an undesirable manner during the shaping process. 

(57) Zusammenfassung 

Im Rahmen eines Verfahrens zum Verformen 
von Hohlkorperplatten (11) aus thermoplastischem 
Material mit wenigstens einem zu dem Plattenrand 
(18) offenen Hohlraum (17) im Platteninnern wird der 
genannte Hohlraum (17) am Plattenrand (18) abgedichtet 
und dadurch nach aussen im wesentlichen gasdicht 
verschlossen. Bei derart verschlossenem Hohlraum (17) 
wird die unter Erwarmen erweichte Hohlkdrperplatte 
(11) durch aus sere Beaufschlagung mit einem Verformungsdruck verformt Eine Vorrichtung ist zur Durchfuhrung dieses Verfahrens 
ausgebildet Mit dem beschriebenen Verfahren sowie mit der genannten Vorrichtung kann eine unerwunschte Deformierung der 
Hohlkdrperplatte in sich wahrend deren Umformung vermieden werden. 
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Verfahren und Vorrich t una zum Verformen von Hohlkorper- 
platten aus t hermoplastischem Material 



Die Erf indung betrif ft ein Verfahren zum Verformen von Hohlkor- 
perplatten aus thermoplastischem Material mit wenigstens einem 
zu dem Plattenrand hin of fen en Hohlraum im Platteninnem, wobei 
die zu verformende Hohlkorperplatte unter Erwarmen erweicht und 
im erweichten Zustand durch aufiere Beauf schlagung mit einem 
Verformungsdruck verformt wird. Die Erfindung betrifft des wei- 
teren eine Vorrichtung zur Durchfuhrung eines derartigen Ver- 
f ahrens . 
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Bekannte thermoplastische Hohlkorperplatten bestehen aus zwei 
parallelen Decklagen sowie zwischen diesen angeordneten Ab- 
standhaltern beispielsweise in Form von Trennstegen oder von 
napfartigen Ausformungen einer zwischen den Decklagen vorgese- 
henen Zwischenlage . Dabei befinden sich im Innern der Hohlkor- 
perplatten, d,h. zwischen der en Decklagen, zu dem Piatt enrand 
hin offene Hohlraume. Zum Verformen werden derartige randoffene 
thermoplastische Hohlkorperplatten bekanntermafien durch Warme- 
zufuhr erweicht und 'im erweichten Zustand beispielsweise mit- 
tels Tief zieheinrichtungen oder Pressen mit einem aufieren Ver- 
formungsdruck beauf schlagt . Infolge der mit dem Erweichen ver- 
bundenen Destabilisierung der Hohlkorperplatte in sich, insbe- 
sondere der zwischen ihren Decklagen angeordneten Abstandhal- 
ter, geht die Verfomrung der Hohlkorperplatten nach dem bekann- 
ten Verfahren bzw. mittels der bekannten Vorrichtungen haufig 
einher mit einer unerwunschten Ve r and e rung der Piatt enstruktur, 
vor allem mit einer unerwunschten, nicht wieder zu behebenden 
Komprimierung der Hohlkorperplatten senkrecht zu den Decklagen. 

Hier Abhilfe zu schaf fen, hat sich die vorliegende Erfindung 
zum Ziel gesetzt. 

Verfahrensbezogen wird diese Aufgabe erf indungsgemafi dadurch 
gelost / daS im Rahmen eines Verfahrens der eingangs beschriebe- 
nen Art der Hohlraum im Platteninnern am Plattenrand abgedich- 
tet und dadurch nach auSen im wesent lichen gasdicht verschlos- 
sen wird und dafi die Hohlkorperplatte bei derart verschlossenem 
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Hohlraum durch aufiere Beauf schlagung mit dem Verformungsdruck 
verformt wird. Durch den geschilderten gasdichten AbschluS des 
Hohlraumes wird das in dessen Innern anstehende Medium, in der 
Regel atmospharische Luft, daran gehindert, bei auSerer Beauf - 
schlagung der Hohlkorperplatte mit dem Verformungsdruck abzu- 
stromen. Statt dessen ubt das im Innern des Hohlraums einge- 
schlossene Medium einen Gegendruck zu dem auSeren Verformungs- 
druck aus und bewirkt dadurch eine Stabilisierung der Hohlkor- 
perplatte. Diese kann daher ungeachtet ihrer Erweichung auch 
wahrend des Verf ormungsvorganges ihre Struktur an sich beibe- 
halten. 

Zur Abdichtung des Hohlraumes am Plattenrand bietet sich erfin- 
dungsgemaS eine Mehrzahl von Moglichkeiten . So kann beispiels- 
weise eine Dichtmanschette auf den Plattenrand aufgesetzt wer- 
den. Bevorzugtermafien aber wird der Hohlraum im Platteninnern 
unter Zusammendrucken des Plattenrandes abgedichtet . Diese Ver- 
f ahrensmaSnahme zeichnet sich durch eine einfache Realisierbar- 
keit aus. Dabei kann das 2usammendrucken des Plattenrandes so- 
wohl bei "kalter 11 als auch bei erwarmter und dadurch zumindest 
teilweise plastif izierter Hohlkorperplatte erfolgen. 

Zur Unterstutzung des Dnickaufbaus im Innern des Hohlraumes ist 
in bevorzugter Ausgestaltung des erf indungsgemafien Verfahrens 
vorgesehen, da£ der nach aufien im wesentlichen gasdicht ver- 
schlossene Hohlraum mit wenigstens einem Fullmedium beschickt 
und die zu verformende Hohlkorperplatte bei mit Fullmedium be- 
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schicktem Hohlraum durch aufiere Beauf schlagung mit dem Verfor- 
mungsdruck verformt wird. 

Urn das Fullmedium auf einfache Art und Weise in den Hohlraum 
aufgeben zu konnen, wird letzterer in Weiterbildung der Erfin- 
dung unter Of fenlassen wenigstens einer Zufuhrof fnung fur in 
den Hohlraum auf zugebendes Fullmedium, vorzugsweise unter Zu- 
sammendrucken des Plattenrandes, abgedichtet. Denkbar ist aber 
auch, nach vollstandigem Verschlufi des Hohlraumes eine oder 
mehrere Zuf uhrof f nungen fur Fullmedium in die Hohl r aumwandung 
einzubringen , 

BevorzugtermaSen wird der nach auSen im wesentlichen gasdicht 
verschlossene Hohlraum erf indungsgemafi mit einem Fullmedium be- 
schickt, dessen Tempera tur die Ausgangstemperatur der zu ver- 
formenden Hohlkorperplatte ubersteigt. In diesem Fall tragt das 
Fullmedium nicht nur zum Aufbau des Innendruckes in dem Hohl- 
raum der Hohlkorperplatte bei sondern wird daruber hinaus auch 
zur Erwarmung und dadurch zur Plastif izierung der Hohlkorper- 
platte genutzt. Dabei kann die Plastif izierung der Hohlkorper- 
platte ausschliefilich mittels des Fullmediums erfolgen; das 
Fullmedium kann aber auch lediglich zur Unterstutzung weiterer, 
der Hohlkorperplatte von auf>en Warme zufuhrender Warmequellen 
dienen. In dem letztgenannten Fall ergeben sich fur die Verfor- 
mung der betreffenden Hohlkorperplatten besonders kurze Takt- 
zeiten. 
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Im Rahmen des erf indungsgemaSen Verf ahrens kann der Hohlraum im 
Innern der Hohlkorperplatte mit nahezu jedem beliebigen flieS- 
fahigen Fullmedium, insbesondere mit nahezu jedem beliebigen 
gasfdrmigen oder flussigen Fullmedium , beschickt werden. Dabei 
ist es von besonderem Vorteil, den nach aufien im wesentlichen 
gasdicht verschlossenen Hohlraum mit Wasserdampf als Fullmedi- 
um zu beschicken. Wasserdampf ist einfach zu erzeugen, und 
zeichnet sich insbesondere auch durch seine okologische Unbe- 
denklichkeit aus. 

Neben dem vorstehend beschriebenen Verfahren ist auch eine Vor- 
richtung zu dessen Durchfuhrung Gegenstand der Erfindung. 

Nachstehend wird die Erf indung anhand schematischer Darstellun- 
gen naher erlautert. Es zeigen: 

Fign. 1 und 2 Bauarten von Hohlkorperplatten aus thermopla- 

stischem Material mit Hohlraumen im Plattenin- 
nern, 

Fig. 3 einen schematisierten Schnitt durch die Hohl- 

korperplatte gemafi Fig. 1 bei abgedi elite tern 
Hohlraum im Piatt eninnern und 

Fig. 4 einen schematisierten Schnitt durch die Hohl- 

korperplatte gemaS Fig. 2 bei abgedichteten 
Hohlraumen im Platteninnern. 
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GemaiS Fig. 1 ist eine Hohlkorperplatte 1 aus Polypropylen, wie 
sie beispielsweise zur Herstellung von Verpackungsbehaltern 
oder der Kof f erraumboden von Kraf tf ahrzeugen verwendet wird, 
dreilagig aufgebaut. Eine Zwischenlage 2 mit nach unten offenen 
napfartigen Ausf ormungen 3 ist mit einer oberen Decklage 4 und 
einer unteren Decklage 5 verschweiSt. Die napfartigen Ausf or- 
mungen 3 sind mit Ab stand voneinander angeordnet und bilden mit 
Wandungen 6 atmospharische Luft enthaltende Gaseinschlusse . Ein 
Teil der Wandungen 6 wird von der unteren Decklage 5 gebildet. 
Nachdem die napfartigen Ausf ormungen 3 auf Lucke angeordnet 
sind, ergibt sich urn sie herum im Innern der Hohlkorperplatte 1 
ein z u s ammenhang end e r Hohlraum 7, welcher zu einem Plattenrand 
8 der Hohlkorperplatte 1 bin of fen ist. 

Zum Verformen der Hohlkorperplatte 1 wird zunachst deren Plat- 
tenrand 8 uber den gesamten Piatt enumfang zusammengedriickt . Es 
ergeben sich dann die in Fig. 3 gezeigten Verhaltnisse . Der 
Schnittebene von Fig. 3 ist in Fig. 1 das Bezugszeichen III zu- 
geordnet . Nach dem Zusammendrucken des Plattenrandes 8 ist der 
Hohlraum 7 im Innern der Hohlkorperplatte 1 nach auSen gasdicht 
verschlossen. Im zusammengedruckten Zustand wird der Platten- 
rand 8 durch entsprechende, in Fig. 3 angedeutete Druckausubung 
gehalten . 

In dem Zustand gemaS Fig. 3 wird die Hohlkorperplatte 1 von au- 
Sen mit Wasserdampf beaufschlagt und dadurch erwarmt . Mit dem 
Erwarmen einher geht eine Plastif izierung der Hohlkorperplatte t, 
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1. Die erweichte Hohlkorperplatte 1 wird schlieSlich mittels 
eines in Fig. 3 durch einen Pfeil 9 veranschaulichten Verfor- 
mungsdruckes beispielsweise unter Erstellen von Mulden in der 
Hohlkorperplatte 1 verformt . Wahrend der Beauf schlagung der 
Hohlkorperplatte 1 mit dem auSeren Verf ormungsdruck 9 wirkt die 
in dem Hohlraum 7 im Innern der Hohlkorperplatte 1 bei druckbe- 
aufschlagtem Plattenrand 8 eingeschlossene atmospharische Luft 
als Luf tpolster , welches einen dem Verf ormungsdruck 9 entgegen- 
gerichteten Druck ausubt und dadurch eine Komprimi erung der er- 
weichten Hohlkorperplatte 1 durch den Verf ormungsdruck 9 ver- 
hindert . 

Nach dem Verf ormungsvorgang wird das erhaltene Formteil durch 
Abkuhlen insgesamt stabilisiert . Der deformierte Plattenrand 8 
kann dann entfernt werden. 

Ausweislich Fig. 2 besteht eine Hohlkorperplatte 11 aus einer 
oberen Decklage 14, einer unteren Decklage 15 sowie zwischen 
der oberen Decklage 14 und der unteren Decklage 15 angeordneten 
Abstandhaltern in Form von Trennstegen 13. Im Innern der Hohl- 
korperplatte 1 befinden sich von der oberen Decklage 14, der 
unteren Decklage 15 sowie von jeweils zwei einander gegenuber- 
liegenden Trennstegen 13 begrenzte Hohlraume 17, welche in ei- 
nen Plattenrand 18 munden. Auch die Hohlkorperplatte 11 besteht 
aus Polypropyl en . 
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Wie bereits im Falle der Hohlkorperplatte 1 gemaS den Fign. 1 
und 3 wird audi zum Verformen der Hohlkorperplatte 11 zunachst 
deren Plattenrand 18 uber den gesamten Umfang der Hohlkorper- 
platte 11 zusammengedruckt . Dabei werden allerdings abweichend 
von dem zuvor geschilderten Verfahren vor dem Def ormieren des 
Plattenrandes 18 in die Hohlraume 17 hineinragende Injektions- 
kanulen 20 zwischen der oberen Decklage 14 und der unteren 
Decklage 15 angesetzt. Die Injektionskanulen 2 0 sorgen dafur, 
daS nach dem Zusammendriicken des Plattenrandes 18 Zuf uhrof f nun- 
gen 21 fur in die Hohlraume 17 auf zugebendes Fullmedium ausge- 
spart sind. Im einzelnen ist dies in Fig. 4 dargestellt. Auch 
in Fig. 4 ist angedeutet, daS der Plattenrand 18 nach dem Zu- 
sammendriicken druckbeauf schlagt bleibt . 

GemaS Fig. 4 sind die Injektionskanulen 2 0 uber Rucks chl agven - 
tile 22 an Zufuhrleitungen 23 fur Fullmedium angeschlossen. An 
den von den Injektionskanulen 2 0 abliegenden Enden der Hohlrau- 
me 17 ist der Plattenrand 18 wie vorstehend zu den Fign. 1 und 
3 beschrieben verpreEt . Insgesamt sind die Hohlraume 17 nach 
aulSen gasdicht verschlossen. In ihr Inneres wird nach dem Zu- 
sammendriicken des Plattenrandes 18 bei nach wie vor bestehender 
Druckbeauf s chl agung des Plattenrandes 18 uber die Injektionsk- 
anulen 2 0 Fullmedium in Form von Wasserdampf aufgegeben. Dieser 
uber die Injektionskanulen 20 zugefuhrte Wasserdampf bewirkt im 
Zusammenspiel mit Wasserdampf, mit welchem die Hohlkorperplatte 
1 gleichzeitig von aufien beauf schlagt wird, deren Erwarmung und 
Plastifizierung. Auch die Hohlkorperplatte 11 wird nach dem Er- 
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weichen mittels eines auSeren Verf ormungsdruckes , in Fig. 3 
durch einen Pfeil 19 symbolisiert , verf orat . Das im Innern der 
Hohlraume 17 anstehende Gemisch aus atmospharischer Luft und 
Wasserdampf wirkt dabei in der vorstehend beschriebenen Art und 
• Weise bei in Sperrstellung bef indlichen Rucks chlagventil en 22 

einer unerwunschten Strukturanderung der Hohlkorperplatte 11 
entgegen. Erf orderlichenf alls kann auch wahrend der Beaufschla- 
going der Hohlkorperplatte 11 mit dem auSeren Verf ormungsdruck 
19 Fullmedium in die Hohlraume 17 aufgegeben werden. 

Nach dem Abkuhlen und dem damit verbundenen Verf estigen der 
verformten Hohlkorperplatte 11 werden die Inj ektionskanulen 20 
aus den Zufuhrof fnungen 21 herausgezogen und anschliefiend der 
deformierte Plattenrand 18 entfernt. Alternativ konnen die In- 
j ektionskanulen 20 auch bereits vor der Beauf schlagung der 
Hohlkorperplatte 11 mit dem aufieren Verf ormungsdruck 19 gezogen 
werden. In diesem Fall sind dann aber unmittelbar nach dem Zie- 
hen der Inj ektionskanulen 20 die an dem Plattenrand 18 verblei- 
benden Zufuhrof fnungen 21 fur das zuvor aufgegebene Fullmedium 
dicht zu verschlieSen, ehe die Verformung der Hohlkorperplatte 
11 einsetzen kann. 
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Patentanspruche 

Verfahren zum' Verf ormen von Hohlkorperplatten (1, 11) aus 
thermoplastischem Material mit wenigstens einem zu dem 
Plattenrand (8, 18) hin offenen Hohlraum (7, 17) im Plat- 
teninnern, wobei die zu verformende Hohlkorperplatte (1, 
11) unter Erwarmen erweicht und im erweichten Zustand 
durch au&ere Beauf schlagung mit einem Verf ormungsdruck (9, 
19) verformt wird, dadurch gekennzeichnet, da£ der Hohl- 
raum (7, 17) im Piatt eninnern am Plattenrand (8, 18) abge- 
dichtet und dadurch nach aufien im wesentlichen gasdicht 
verschlossen wird und daS die Hohlkorperplatte (1, 11) bei 
derart verschlossenem Hohlraum (7, 17) durch aufiere Beauf - 
schlagung mit dem Verf ormungsdruck (9, 19) verformt wird, 

Verfahren nach Anspruch 1, dadurch gekennzeichnet , daS der 
Hohlraum (7 , 17) unter Zusammendrucken des Plattenrandes 
(8, 18) abgedichtet wird. 

Verfahren nach einem der vorhergehenden Anspruche, dadurch 
gekennzeichnet, daS der nach aufien im wesentlichen gas- 
dicht verschlossene Hohlraum (17) mit wenigstens einem 
Fullmedium beschickt und die zu verformende Hohlkorper- 
platte (11) bei mit Fullmedium beschicktem Hohlraum (17) 
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durch auSere Beauf schlagung mit dem Verf ormungsdruck (19) 
verformt wird. 

Verfahren nach einem der vorliergehenden Anspruche, dadurch 
gekennzeichnet , da£ der Hohlraum (17) unter Offenlassen 
wenigstens einer Zufuhrof fnung (21) fur in den Hohlraum 
(17) auf zugebendes Fullmedium, vorzugsweise unter Zusam- 
mendrucken des Plattenrandes (18) , abgedichtet wird. 

Verfahren nach einem der vorhergehenden Anspruche, dadurch 
gekennzeichnet, daS der nach aufien im wesentlichen gas- 
dicht verschlossene Hohlraum (17) mit einem Fullmedium be- 
schickt wird, dessen Tempera tur die Ausgangstemperatur der 
zu verformenden Hohlkorperplatte (11) ubersteigt. 

Verfahren nach einem der vorhergehenden Anspruche, dadurch 
gekennzeichnet, dafi der nach auSen im wesentlichen gas- 
dicht verschlossene Hohlraum (17) mit wenigstens einem 
gasfdrmigen und/oder mit wenigstens einem flussigen Full- 
medium beschickt wird* 

Verfahren nach einem der vorhergehenden Anspruche, dadurch 
gekennzeichnet, da£ der nach aufien im wesentlichen gas- 
dicht verschlossene Hohlraum (17) mit Wasserdampf als 
Fullmedium beschickt wird- 
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Vorrichtung zur Durchfuhrxing des Verfahrens nach einem der 
vorhergehenden Anspruche . 
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Fig. 4 
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Method for Shaping Thermoplastic Hollow Boards 

The invention relates to a method for shaping hollow boards that 
are comprised of thermoplastic material and have at least one 
cavity within the board interior being open toward the edge of the 
board, wherein the cavity in the interior of the board is sealed at 
the board edge and is thus closed off to the exterior in a 
substantially gas-tight way and wherein the hollow board to be 
shaped is softened by heating and is shaped in the softened state 
by external loading with a shaping pressure while the cavity is 
closed off in a substantially gas-tight way. 

Known thermoplastic hollow boards are comprised of two parallel 
cover layers as well as spacers arranged therebetween, for example, 
in the form of separating stays or cup- shaped projections of an 
intermediate layer provided between the cover layers . In this 
connection, in the interior of the hollow boards, i.e., between 
their cover layers, cavities are provided which are open toward 
the board edge. For the shaping process, such thermoplastic hollow 
boards open toward the edge are softened by supplying heat, as is 
known in the art, and are loaded with an external shaping pressure 
in the softened state, for example, by means of deepdrawing devices 
or presses. Because of the destabilization of the hollow board in 
itself resulting from softening, in particular, of the spacers 
arranged between its cover layers, the shaping of the hollow boards 
according to the methods of the prior art or by means of the known 
devices often entails an undesirable change of the board structure, 
primarily an undesirable irreversible compression of the hollow 
boards perpendicularly to the cover layers . 



A method of the aforementioned kind is disclosed in US-A-4 , 172 , 749 . 
Here, the hollow boards are shaped with cavities being open toward 
the edge. The cavities are filled with a gaseous medium, for 
example, air. Before the start of the actual shaping process, the 
gas -filled cavities are closed in a gas-tight way at the edge of 
the hollow board. The hollow board is finally shaped with the 
cavities being closed in this way. The gaseous medium present 
within the interior of the cavities thus builds up a pressure which 
counteracts the external shaping pressure and is supposed to 
prevent undesirable compression of the hollow board to be shaped. 

Based on this prior art, the present invention has the object to 
optimize the shape stability of hollow boards to be shaped or 
formed. 

This object is solved according to the invention in that the at 
least one cavity within the interior of the board is sealed by 
leaving open at least one supply opening for a filling medium to be 
supplied to the cavity or in that, after complete closure of the 
cavity, at least one supply opening for the filling medium is 
introduced into the wall of the cavity and that the cavity, which 
is closed off to the exterior in a substantially gas-tight way, is 
loaded with at least one filling medium and in that the hollow 
board to be shaped is shaped by being loaded externally with the 
shaping pressure while the cavity is filled with the filling 
medium. The one or more filling media assist pressure build-up in 
the interior of the cavity. By leaving open at least one supply 
opening for the filling medium to be supplied to the cavity, the 
condition is realized in a simple way to be able to supply the 
filling medium to the cavity. The medium enclosed within the 
interior of the cavity exerts a counterpressure to the external 
shaping pressure, when the hollow board is loaded from the exterior 
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with the shaping pressure, and thus provides a stabilization of the 
hollow board. Despite its softening, the hollow board can therefore 
maintain its proper structure even during the shaping process. 

For sealing the cavity at the board edge, several possibilities are 
offered according to the invention. For example, a sealing sleeve 
can be placed onto the board edge. Preferably, the cavity in the 
interior of the board is sealed by compressing the board edge. This 
method feature is characterized by a simple realization. In this 
connection, the compression of the edge of the board can be carried 
out when the hollow board is "cold 11 as well as when the hollow 
board is heated and thus at least partially plasticized. 

In a further preferred embodiment of the method according to the 
invention, a filling medium whose temperature surpasses the initial 
temperature of the hollow board to be shaped is employed. In this 
case, the filling medium not only contributes to the build-up of 
inner pressure within the cavity of the hollow board but is also 
moreover utilized for heating and thus plasticizing the hollow 
board. In this connection, the plasticization of the hollow board 
can be realized exclusively by means of the filling medium; 
however, the filling medium can also be used only for assisting 
additional heat sources for supplying heat to the hollow board from 
the exterior. In the latter case, especially short cycle times 
result for shaping of the corresponding hollow boards. 

In the context of the method according to the invention, the cavity 
in the interior of the hollow board can be loaded with almost any 
flowable filling medium, in particular, with almost any gaseous or 
liquid filling medium. In this connection, it is especially 
advantageous to supply the cavity, which is closed off to the 
exterior in a substantially gas-tight way, with steam as a filling 
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medium. Steam can be generated in a simple way and is 
characterized, in particular, by being ecologically innocuous. 

In the following the invention will be described in more detail 
with the aid of schematic illustrations. It is shown in: 

Figs. 1 and 2 configurations of hollow boards of thermoplastic 
material with cavities within the interior of the 
board ; 

Fig. 3 a schematic section of the hollow board according 

to Fig. 1 with a cavity in the interior of the 
board sealed according to a conventional method; 
and 

Fig. 4 a schematic section of the hollow board according 

to Fig. 2 with cavities in the interior of the 
board sealed according to the invention. 

According to Fig. 1, a hollow board 1 of polypropylene, as they 
are, for example, used for manufacturing packaging containers or 
trunk bottom plates of vehicles, are of a three-layer 
configuration. An intermediate layer 2 with downwardly open cup- 
shaped projections 3 is welded to an upper cover layer 4 and a 
lower cover layer 5. The cup-shaped projections 3 are arranged at 
a spacing to one another and form together with the walls 6 gas 
enclosures containing atmospheric air. A part of the walls 6 is 
formed by the lower cover layer 5. Since the cup- shaped projections 
3 are arranged in a staggered fashion, a contiguous cavity 7 
results around them in the interior of the hollow board 1 which 
cavity is open toward the board edge 8 of the hollow board 1. 
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In a manner known in the art, for shaping the hollow board 1, first 
its board edge 8 is compressed about the entire circumference of 
the board. The conditions illustrated in Fig. 3 then result. The 
section plane of Fig. 3 is identified in Fig. 1 with reference 
numeral III. After the compression of the board edge 8, the cavity 
7 in the interior of the hollow board 1 is sealed in a gas-tight 
way to the exterior. The board edge 8 is maintained in the 
compressed state by corresponding pressure exertion schematically 
illustrated in Fig. 3. 

In the state according to Fig. 3, the hollow board 1 is loaded with 
steam from the exterior and is heated in this way. As a result of 
heating, plasticization of the hollow board 1 takes place. The 
softened hollow board 1 is finally shaped, for example, so as to 
cause depressions within the hollow board 1, by means of the 
shaping pressure, indicated in Fig. 3 by the arrow 9. During 
loading of the hollow board 1 with the external shaping pressure 9, 
the atmospheric air in the cavity 7 in the interior of the hollow 
board 1, enclosed by the pressure-loaded board edge 8, acts as an 
air cushion which exerts a pressure counteracting the shaping 
pressure 9 and thus prevents a compression of the softened hollow 
board 1 by the shaping pressure 9. 

After the shaping process, the obtained shaped part is stabilized 
over all by cooling. The deformed board edge 8 can then be 
removed . 

As illustrated in Fig. 2, a hollow board 11 is comprised of an 
upper cover layer 14 , a lower cover layer 15 as well as spacers in 
the form of separating stays 13 arranged between the upper cover 
layer 14 and the lower cover layer 15 . In the interior of the 
hollow board 1, cavities 17 are present, which are delimited by the 
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upper cover layer 14, the lower cover layer 15, as well as two 
oppositely positioned separating stays 13, wherein the cavities 17 
open toward the board edge 18. The hollow board 11 is also 
comprised of polypropylene. 

As already described in the case of the hollow board 1 according to 
Figs. 1 and 3, first its board edge 18 is compressed about the 
entire circumference of the hollow board 11 for shaping the hollow 
board 11. However, in contrast to the above described method, 
before deforming the board edge 18, hollow injection needles 2 0 
projecting into the cavities 17 are positioned between the upper 
cover layer 14 and the lower cover layer 15. The hollow injection 
needles 20 ensure that, after compression of the plate edge 18, 
supply openings 21 for the filling medium to be introduced into the 
cavity 17 remain open. This is illustrated in detail in Fig. 4. 
In Fig. 4 it is also indicated that the board edge 18 after 
compression remains pressure-loaded. 

According to Fig. 4, the hollow injection needles 20 are connected 
by check valves 22 to supply lines 23 for the filling medium. At 
the end of the cavities 17 facing away from the hollow injection 
needles 20, the board edge 18 is compressed as described in 
connection with Figs. 1 and 3. Over all, the hollow cavities 17 
are closed off to the exterior in a substantially gas-tight way. 
After compression of the board edge 18, filling medium in the form 
of steam is supplied via the hollow injection needles 20 into the 
interior of the cavities while pressure loading of the board edge 
18 still occurs. This steam supplied via the hollow injection 
needles 20, in cooperation with steam with which the hollow board 
1 is simultaneously loaded from the exterior, effects heating and 
plasticization of the hollow board. The hollow board 11 is also 
shaped after softening by means of an external shaping pressure, 
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symbolically indicated in Fig. 3 by an arrow 19. The mixture of 
atmospheric air and steam present in the interior of the cavities 
17 counteracts in the above described way, when the check valves 22 
are in their closed position, an undesirable structural change of 
the hollow board 11. If needed, filling medium can be supplied to 
the cavities 17 even during loading of the hollow board 11 with the 
external shaping pressure 19 . 

After cooling and the resulting solidification of the shaped hollow 
board 11, the hollow injection needles 20 are pulled out of the 
supply openings 21 and, subsequently, the deformed board edge 18 is 
removed. Alternatively, the hollow injection needles 2 0 can be 
removed already before loading of the hollow board 11 with the 
external shaping pressure 19. In this . case, immediately after 
pulling out the hollow injection needles 20, the supply openings 21 
for the previously supplied filling medium which remain within the 
board edge 18 must be sealed tightly before the shaping of the 
hollow board 11 can be started. 
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Claims 



Method for shaping hollow boards (1, 11) of thermoplastic 
material having at least one open cavity (7, 17) in the 
interior of the board open toward the board edge (8, 18), 
wherein the cavity in the interior of the board is sealed at 
the board edge and is thus closed off to the exterior in a 
substantially gas-tight way and wherein the hollow board (1, 
11) to be shaped is softened by heating and in the softened 
state is shaped by external loading with a shaping pressure 
(9, 19) while the cavity (17) is closed off to the exterior in 
a substantially gas-tight way, characterized in that the 
cavity (17) is sealed while leaving open at least one supply 
opening (21) for the filling medium to be supplied to the 
cavity (17) or in that, after complete closure of the cavity 
(17) , at least one supply opening (21) for a filling medium is 
introduced into the wall of the cavity and in that the cavity 
(17) , closed off to the exterior in a substantially gas-tight 
way, is supplied with at least one filling medium and in that 
the hollow board (11) to be shaped is shaped by external 
loading with the shaping pressure (19) while the cavity is 
filled with the filling medium. 

Method according to claim 1, characterized in that the cavity 
(17) is sealed by compressing the board edge (8, 18) . 

Method according to one of the preceding claims, characterized 
in that a sealing sleeve is placed onto the board edge (18) 
for ceiling the cavity (17) . 
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Method according to one of the preceding claims, characterized 
in that the cavity (17) , closed to the exterior in a 
substantially gas-tight way, is loaded with a filling medium 
whose temperature surpasses the initial temperature of the 
hollow board (11) to be shaped. 

Method according to one of the preceding claims, characterized 
in that the cavity (17) , closed off to the exterior in a 
substantially gas-tight way, is loaded with at least one 
gaseous and/or at least one liquid filling medium. 

Method according to one of the preceding claims, characterized 
in that the hollow cavity (17) , closed off to the exterior in 
a substantially gas-tight way, is filled with steam as a 
filling medium. 
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Translation of WO 00/64659 (PCT/EP00/O3011) 

Method an d Device for Shaping Thermoplastic Hollo &^Baa rds , 
<z — . ■ 

The invention relates to a method for shaping hollow boards that 
are comprised of thermoplastic material and have at least one 
cavity within the board interior being open toward the edge of the 
board, wherein the hollow board to be shaped is softened by heating 
and is shaped in the softened state by external loading with a 
shaping pressure. The invention also relates to a device for 
performing such a method. 

Known thermoplastic hollow boards are comprised of two parallel 
cover layers as well as spacers arranged therebetween, for example, 
in the form of separating stays or cup-shaped projections of an 
intermediate layer provided between the cover layers. In this 
connection, in the interior of the hollow boards, i.e., between 
their cover layers, cavities are provided which are open toward 
the board edge. For the shaping process, such thermoplastic hollow 
boards open toward the edge are softened by supplying heat, as is 
known in the art, and are loaded with an external shaping pressure 
in the softened state, for example, by means of deepdrawing devices 
or presses. Because of the destabilization of the hollow board in 
itself resulting from softening, in particular, of the spacers 
arranged between its cover layers, the shaping of the hollow boards 
according to the methods of the prior art or by means of the known 
devices often entails an undesirable change of the board structure, 
primarily an undesirable irreversible compression of the hollow 
boards perpendicularly to the cover layers. 

The object of the present invention is to find a solution to this 
problem. 
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With respect to the method, this object is solved according to the 
invention in that within the context of a method of the 
aforementioned kind the cavity in the interior of the board is 
sealed at the board edge and is thus substantially sealed to the 
exterior in a gas-tight way and that the hollow board with such 
closed cavity is shaped by applying an external shaping pressure. 
As a result of the described gas-tight closure of the cavity, the 
medium present within the interior, in general, atmospheric air, is 
prevented from flowing out when externally loading the hollow board 
with shaping pressure . Instead, the medium enclosed in the 
interior of the cavity exerts a counterpressure to the external 
shaping pressure and thus provides a stabilization of the hollow 
board. Despite its softening, the hollow board can therefore 
maintain its proper structure even during the shaping process. 

For sealing the cavity at the board edge, several possibilities are 
offered according to the invention. For example, a sealing sleeve 
can be placed onto the board edge. Preferably, the cavity in the 
interior of the board is sealed by compressing the board edge. This 
method feature is characterized by a simple realization. In this 
connection, the compression of the edge of the board can be carried 
out when the hollow board is "cold" as well as when the hollow 
board is heated and thus at least partially plasticized. 

For. assisting build-up of pressure in the interior of the cavity, 
in a preferred embodiment of the method according to the invention 
it is provided that the cavity, which is closed off to the exterior 
in a substantially gas-tight way, is loaded with at least one 
filling medium and the hollow board to be shaped is shaped by 
external loading with the shaping pressure while the cavity is 
loaded with the filling medium. 
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In order to be able to supply the filling medium in a simple way 
into the cavity, the latter, according to a further development of 
the invention, is sealed, preferably by compressing the board edge, 
so as to leave open at least one supply opening for the filling 
medium to be introduced into the cavity. However, it is also 
conceivable to introduce, after complete closure of the cavity, one 
or several supply openings for the filling medium into the wall of 
the cavity. 

Preferably, the cavity, which is closed off to the exterior in a 
substantially gas-tight way, is loaded according to the invention 
with a filling medium whose temperature surpasses the initial 
temperature of the hollow board to be shaped. In this case, the 
filling medium not only contributes to the build-up of inner 
pressure within the cavity of the hollow board but is also moreover 
utilized for heating and thus plasticizing the hollow board. In 
this connection, the plasticization of the hollow board can be 
realized exclusively by means of the filling medium; however, the 
filling medium can also be used only for assisting additional heat 
sources for supplying heat to the hollow board from the exterior. 
In the latter case, especially short cycle times result for shaping 
of the corresponding hollow boards. 

In the context of the method according to the invention, the cavity 
in the interior of the hollow board can be loaded with almost any 
flowable filling medium, in particular, with almost any gaseous or 
liquid filling medium. In this connection, it is especially 
advantageous to supply the cavity, which is closed off to the 
exterior in a substantially gas-tight way, with steam as a filling 
medium. Steam can be generated in a simple way and is 
characterized, in particular, by being ecologically innocuous. 
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In addition to the above described method, a device for performing 
the method is also the subject matter of the invention. 

In the following the invention will be described in more detail 
with the aid of schematic illustrations. It is shown in: 

Figs. 1 and 2 configurations of hollow boards of thermoplastic 
material with cavities within the interior of the 
board ; 

Fig. 3 a schematic section of the hollow board according 

to Fig. 1 with a sealed cavity in the interior of 
the board; and 

Fig. 4 a schematic section of the hollow board according 

to Fig. 2 with sealed cavities in the interior of 
the board. 

According to Fig. 1, a hollow board 1 of polypropylene, as they 
are, for example, used for manufacturing packaging containers or 
trunk bottom plates of vehicles, are of a three-layer 
configuration. An intermediate layer 2 with downwardly open cup- 
shaped projections 3 is welded to an upper cover layer 4 and a 
lower cover layer 5. The cup- shaped projections 3 are arranged at 
a spacing to one another and form together with the walls 6 gas 
enclosures containing atmospheric air. A part of the walls 6 is 
formed by the lower cover layer 5. Since the cup-shaped projections 
3 are arranged in a. staggered fashion, a contiguous cavity 7 
results around them in the interior of the hollow board 1 which 
cavity is open toward the board edge 8 of the hollow board 1. 
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For shaping the hollow board 1, first its board edge 8 is 
compressed about the entire circumference of the board. The 
conditions illustrated in Fig. 3 then result. The section plane of 
Fig. 3 is identified in Fig. 1 with reference numeral III. After 
the compression of the board edge 8, the cavity 7 in the interior 
of the hollow board 1 is sealed in a gas-tight way to the exterior. 
The board edge 8 is maintained in the compressed state by 
corresponding pressure exertion schematically illustrated in Fig. 
3. 

In the state according to Fig. 3, the hollow board 1 is loaded with 
steam from the exterior and is heated in this way. As a result of 
heating, plasticization of the hollow board 1 takes place. The 
softened hollow board 1 is finally shaped, for example, so as to 
cause depressions within the hollow board 1, by means of the 
shaping pressure, indicated in Fig. 3 by the arrow 9. During 
loading of the hollow board 1 with the external shaping pressure 9, 
the atmospheric air in the cavity 7 in the interior of the hollow 
board 1, enclosed by the pressure -loaded board edge 8, acts as an 
air cushion which exerts a pressure counteracting the shaping 
pressure 9 and thus prevents a compression of the softened hollow 
board 1 by the shaping pressure 9. 

After the shaping process, the obtained shaped part is stabilized 
over all by cooling. The deformed board edge 8 can then be 
removed . 

As illustrated in Fig. 2, a hollow board 11 is comprised of an 
upper cover layer 14, a lower cover layer 15 as well as spacers in 
the form of separating stays 13 arranged between the upper cover 
layer 14 and the lower cover layer 15 . In the interior of the 
hollow board 1, cavities 17 are present, which are delimited by the 
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upper cover layer 14, the lower cover layer 15, as well as two 
oppositely positioned separating stays 13, wherein the cavities 17 
open toward the board edge 18. The hollow board 11 is also 
comprised of polypropylene. 

As already described in the case of the hollow board 1 according to 
Figs. 1 and 3, first its board edge 18 is compressed about the 
entire circumference of the hollow board 11 for shaping the hollow 
board 11. However, in contrast to the above described method, 
before deforming the board edge 18, hollow injection needles 20 
projecting into the cavities 17 are positioned between the upper 
cover layer 14 and the lower cover layer 15. The hollow injection 
needles 20 ensure that, after compression of the plate edge 18, 
supply openings 21 for the filling medium to be introduced into the 
cavity 17 remain open. This is illustrated in detail in Fig. 4. 
In Fig. 4 it is also indicated that the board edge 18 after 
compression remains pressure -loaded. 

According to Fig. 4, the hollow injection needles 20 are connected 
by check valves 22 to supply lines 23 for the filling medium. At 
the end* of the cavities 17 facing away from the hollow injection 
needles 20, the board edge 18 is compressed as described in 
connection with Figs. 1 and 3. Over all, the hollow cavities 17 
are closed off to the exterior in a gas-tight way. After 
compression of the board edge 18, filling medium in the form of 
steam is supplied via the hollow injection needles 20 into the 
interior of the cavities while pressure loading of the board edge 
18 still occurs. This steam supplied via the hollow injection 
needles 20, in cooperation with steam with which the hollow board 
1 is simultaneously loaded from the exterior, effects heating and 
plasticization of the hollow board. The hollow board 11 is also 
shaped after softening by means of an external shaping pressure, 
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symbolically indicated in Fig. 3 by an arrow 19. The mixture of 
atmospheric air and steam present in the interior of the cavities 
17 counteracts in the above described way, when the check valves 22 
are in their closed position, an undesirable structural change of 
the hollow board 11. If needed, filling medium can be supplied to 
the cavities 17 even during loading of the hollow board 11 with the 
external shaping pressure 19 . 

After cooling and the resulting solidification of the shaped hollow 
board 11, the hollow injection needles 20 are pulled out of the 
supply openings 21 and, subsequently, the deformed board edge 18 is 
removed. Alternatively, the hollow injection needles 20 can be 
removed already before loading of the hollow board .11 with the 
external shaping pressure 19. In this case, immediately after 
pulling out the hollow injection needles 20, the supply openings 21 
for the previously supplied filling medium which remain within the 
board edge 18 must be sealed tightly before the shaping of the 
hollow board 11 can be started. 
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Claims 



Method for shaping hollow boards (1, 11) of thermoplastic 
material having at least one open cavity (7, 17) in the 
interior of the board open toward the board edge (8, 18), 
wherein the hollow board (1, 11) to be shaped is softened by- 
heating and in the softened state is shaped by external 
loading with a shaping pressure (9, 19) , characterized in that 
the cavity (7 , 17) in the interior of the board is sealed at 
the board edge (8, 18) and in that in this way it is closed to 
the exterior in a substantially gas-tight way and in that the 
hollow board (1, 11), with the cavity (7 , 17) closed in this 
way, is shaped by external loading with the shaping pressure 
(9, 19) . 

Method according to claim 1, characterized in that the cavity 
(7, 17) is sealed by compressing the board edge (8, 18) . 

Method according to one of the preceding; claims, characterized 
in that the cavity (17) , closed off to the exterior in a 
substantially gas-tight way, is loaded with at least one 
filling medium and the hollow board (11) to be shaped is 
shaped by external loading with the shaping pressure (19) with 
the hollow cavity (17) loaded with the filling medium. 

Method according to one of the preceding claims, characterized 
in that the cavity (17) is sealed while leaving open at least 
one supply opening (21) for the filling medium to be supplied 
to the cavity (17) , preferably by compressing the board edge 
(18) . 



8 



4> 



5. Method according to one of the preceding claims, characterized 
in that the cavity (17) , closed to the exterior in a 
substantially gas-tight way, is loaded with a filling medium 
whose temperature surpasses the initial temperature of the 
hollow board (11) to be shaped. 

6. Method according to one of the preceding claims, characterized 
in that the cavity (17) , closed off to the exterior in a 
substantially gas-tight way, is loaded with at least one 
gaseous and/or at least one liquid filling medium. 

7. Method according to one of the preceding claims, characterized 
in that the hollow cavity (17) , closed off to the exterior in 
a substantially gas-tight way, is filled with steam as a 
filling medium. 

8. Device for performing the method according to one of the 
preceding claims. 
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